IMPORTANCE In 2010, the US Veterans Health Administration (VHA) implemented one of the largest patient-centered medical home (PCMH) models in the United States, the Patient Aligned Care Team initiative. Early evaluations demonstrated promising associations with improved patient outcomes, but limited evidence exists on the longitudinal association of PCMH implementation with changes in health care utilization. OBJECTIVE To determine whether a change in PCMH implementation is associated with changes in emergency department (ED) visits, hospitalizations for ambulatory care-sensitive conditions (ACSCs), or all-cause hospitalizations. DESIGN, SETTING, AND PARTICIPANTS This cohort study used national patient-level data from the VHA and Centers for Medicare & Medicaid Services between October 1, 2012, and September 30, 2015. A total of 1 650 976 patients from 897 included clinics were divided into 2 cohorts: patients younger than 65 years who received primary care at VHA sites affiliated with a VHA ED and patients 65 years or older who were enrolled in both VHA and Medicare services. EXPOSURES Clinics were categorized on improvement or decline in PCMH implementation based on their Patient Aligned Care Team implementation progress index (Pi 2 ) score. MAIN OUTCOMES AND MEASURES Change in the number of ED visits, ACSC hospitalizations, and all-cause hospitalizations among patients at each clinic site.
Introduction
Primary care practices across the United States are adopting the patient-centered medical home (PCMH) model to improve quality and reduce costs for patients and payers. The PCMH model is considered a major shift in primary care delivery that establishes a team-based care approach to deliver patient-centered care. 1 To accomplish this goal, PCMH models often focus on activities that improve patient access and continuity, care coordination, self-management support, and population health activities. 2 In the United States, more than 13 000 practices are recognized as PCMHs by the National Committee for Quality Assurance. 3 Despite widespread adoption, evaluations of PCMH interventions have shown mixed results in reducing high-cost health care use, including emergency department (ED) visits and hospitalizations. 4 A 2017 meta-analysis of 11 PCMH interventions 5 showed no improvements in ED use, hospitalizations for ambulatory care-sensitive conditions (ACSCs), or all-cause hospitalizations. The variation in PCMH implementation results may in part be because of lack of a universal definition of PCMH, specific study designs, analytic methods, and variation in the implementation of the PCMH model. [6] [7] [8] The US Veterans Health Administration (VHA) adopted the PCMH model in 2010 under the Patient Aligned Care Team (PACT) initiative. Similar to other PCMH models, the PACT initiative represented a major restructuring of primary care services with the goal of providing team-based, patient-centered, coordinated, and comprehensive care. A 2014 study by Nelson et al 9 reported wide variation in PCMH implementation in the VHA and found that clinics with more effective implementation of PCMH had lower rates of ED visits and ACSC hospitalizations, but Nelson et al 9 did not find significant differences in all-cause hospitalizations. However, the PCMH is a complex intervention that requires time to fully implement changes in care delivery before it can begin translating into improved outcomes. For example, Tuepeker et al 10 identified several barriers to successful implementation during the early years of PCMH implementation in the VHA, including the unavailability of necessary resources and time, inadequate staffing, variation in support for PCMH adoption across facilities, and the need for further training. Resistance to change has also been identified as a barrier to successful PCMH implementation both within and outside of the VHA. 11 Given these early barriers to PCMH implementation, it is important to examine the extent to which primary care clinics have improved over time and to assess whether these improvements are associated with patient outcomes. Few studies have examined such longitudinal changes in PCMH implementation over time in parallel with patient outcomes. This information is important to guide stakeholders in determining the long-term benefit of implementing the PCMH model. For integrated health systems, understanding the longitudinal associations between PCMH and patient outcomes can inform the value of investing resources in improving PCMH implementation. In this study, our objective was to determine whether a change in PCMH implementation, defined as whether a clinic improves or declines in its PACT implementation progress index (Pi 2 ) score, is associated with changes in health care utilization. We further assigned these patients to clinics based on their longest primary care physician relationship during the study period.
Previous studies have documented that veterans commonly use care both within and outside of the VHA. 13, 14 To more accurately capture high-cost health care utilization among veterans, we created 2 distinct cohorts (Figure 1 ). Our first cohort included patients who were younger than 65 years throughout the study period and received primary care at a VHA site that had an ED. Our second cohort included only patients who were 65 years or older and enrolled for both VHA and Medicare services during the baseline year. We excluded patients who were enrolled in Medicare Advantage health maintenance organizations because claims from these payers were not available.
In this cohort, we used linked Medicare fee-for-service claims and VA Corporate Data Warehouse data to measure combined counts of ED visits, ACSC hospitalizations, and all-cause hospitalizations.
To identify these visit types, we used a previously validated algorithm that used VHA-related stop codes, Current Procedural Terminology (CPT) codes, and Medicare revenue codes. 13, 14 Hospitalizations for ACSCs were based on Agency for Healthcare Research and Quality Prevention Quality Indicators and were identified through standardized protocols using International Classification of Diseases, Ninth Revision, 15 and CPT codes from inpatient Medicare or VHA records. 16 
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Change in PCMH Implementation Using Pi 2 Score
To measure clinic-level change in PCMH implementation, we used a previously validated measure of PCMH implementation, the Pi 2 score. 9 The Pi 2 score is a clinic-level composite that combines annual patient surveys (eg, US VA Survey of Healthcare Experiences of Patients), staff-level surveys (eg, VA PACT Personnel Survey), and administrative health care data (eg, continuity of care). Using these data, each clinic is assigned an overall score based on the 8 domains of the PCMH model (ie, access, care continuity, care coordination, comprehensiveness, self-management support, patient-centered care and communication, shared decision-making, and delegation, staffing, and team function).
Development and validation of the Pi 2 is described elsewhere. 9 Since 2012, more than 900 clinics in the VHA have been assigned a Pi 2 score annually. 
Statistical Analysis
A patient-level analysis was conducted for each of 3 outcomes stratified by age (Ն65 vs <65 years) for a total of 6 models. Separate negative binomial models were used to estimate the number of hospitalizations and ED visits. Owing to rarity of ACSC hospitalizations, analysis for this association was modeled using logistic regression. In each model, the primary variable of interest was the categorical measure capturing change in PCMH implementation, and we adjusted for baseline patient characteristics that may have accounted for health care utilization, including age, sex, selfreported race/ethnicity (ie, non-Hispanic white, non-Hispanic black, or Hispanic or other), marital status, and income. Furthermore, we controlled for patient comorbidity using the validated comorbidity score developed by Gagne et al 17 and VHA copayment status (copayment exempt vs not We conducted 2 main sensitivity analyses. Clinics may be limited in the amount they can improve or worsen in Pi 2 score based on their baseline score. For example, a high-functioning PCMH clinic in 2012 can exhibit ceiling effects by which it may be limited in the how much it could improve.
Therefore, we subdivided clinics into their original 5 categories based on their baseline score and modeled each outcome for the 2 cohorts based on the initial clinic score (eTable 1 in the Supplement).
Our second sensitivity analysis was based on the hypothesis that a VHA clinic's improvement would only have associations among patients who were seen primarily at the VHA. Among the cohort 65 years and older, we calculated each patient's reliance on the VHA in the baseline year 2012 as the proportion of all outpatient visits (VHA and Medicare) received from VHA. These visits were counted based on the number of evaluation and management visits in Medicare and VHA. 18, 19 We then investigated the association of change in Pi 2 score with high-cost health care utilization if a patient was at least 50% reliant on VHA services, a previously defined cutoff (eTable 2 in the Supplement). 20 Table 2 ). There were no other associations of change in Pi 2 scores with ED visits or all-cause hospitalizations and no association of change in Pi 2 scores with ACSC hospitalizations among patients 65 years or older.
Results
In our sensitivity analyses, we found that neither stratifying by baseline score nor selecting patients 65 years and older who primarily relied on VHA services had a consistent association between change in Pi 2 score and our outcomes (eTable 1 and eTable 2 in the Supplement). Overall, these additional analyses did not change our quantitative or qualitative interpretation of our main results. Assurance-level accreditation and Medical Home Index, they also demonstrated that patient outcomes were sensitive to the methods chosen for analysis.
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These findings lead to additional questions that are critical for PCMH evaluations in and outside the VHA. For example, do certain functions or domains of the PCMH have a threshold effect? If that is the case, improvement in certain PCMH capabilities would not lead to additional improvement in outcomes. Moreover, specific domains of PCMH may be more important for improving care in specific groups of patients. For example, continuity for a patient with multiple chronic conditions may be more important than interventions to improve access to care. This heterogeneity in change in specific domains of PCMH is worth additional investigation. This information is vital as health care organizations invest and expand primary care delivery based on the principles of the PCMH.
Limitations
We acknowledge several limitations in our study. First, our cohort of patients included only those who were enrolled at the same clinic throughout the period. While this may limit generalizability, we chose to include patients seen at the same clinical site over time to better estimate how improvement in PCMH capabilities over time were associated with outcomes for a common set of patients. Furthermore, patients could have been seen at different clinics between 2012 and 2015, limiting the exposure of PCMH implementation on outcomes. However, we found that most patients in both cohorts were seen at the same clinic throughout this period. Second, the Pi 2 score used to measure PCMH implementation is a unique and validated score to measure PCMH capabilities;
however, it is difficult to measure complex elements of the PCMH. Surveys and administrative data comprising the Pi 2 score may not capture all processes and aspects of the PCMH. Although the Pi 2 score can differentiate clinics in a cross-sectional analysis, it may not be sufficiently sensitive to change. 26 Third, PCMH implementation itself could be constrained by the resources and staff limitations within the VHA. This may limit a clinic's ability to adopt and improve on key PCMH domains. Fourth, this is an observational study, and there may be unmeasured patient-or clinic-level
